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telecommunication services around them. T
previous work [4], the model of the nacelle an
is shown and validated. Finally, a wideban
channel response model has been developed 
model. The complex wideband channel tr
transformed here to the time domain throug
Fourier transform (FFT), so that calculatin
profile (PDP)  
I. INTRODUCTION 
Nowadays, wind power is one of th
renewable energy sources (it allows a susta
of the resources with relatively low costs)
environmental effects of traditional ene
environmental effects of wind power are
Wind power consumes no fuel, and emit
unlike fossil fuel power sources [2].  
Despite its high profitableness and l
effects, planned wind turbines or wind 
approved by building authorities on the ba
system providers which may run sy
safeguarding zones are intended to be defin
the predicted distortions [3]. 
In this paper, the interference caused by
the broadcast TV service will be analyzed.
as scattering devices of the electromag
producing signal echoes. These echoes pote
TV signal reception. 
This phenomenon on analogical TV has b
ITU that established the recommenda
805 .This recommendation gives a method
delay and the interference requirements fro
to obtain a good quality analog TV receptio
II. SCATTERING MODEL 
An essential element in considering the
turbine over the TV signal is the strength
from the turbine. This is measured by its 
area, usually measured in square meters. 
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for the scattering plane Ԅୱ ൌ 90. It can be observed the good 
agreement between both results. 
 
Fig. 3: Theoretical versus simulated bistatic RCS values. 
From the models of the different parts of a wind turbine is 
possible to obtain its RCS according to the following equation: 
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 (2) 
To validate the full model, the theoretical RCS values of a 
wind turbine have been compared with that accomplished with 
the software Feko. The used wind turbine had a tower 80m 
high and blades 40m long (the nacelle had the same size than 
the previous one). 
 
Fig. 4: Theoretical versus simulated bistatic RCS values of a wind turbine 
III. 3D SCATTERING MODEL 
In order to obtain a more accurate value of the RCS of wind 
turbine it requires detailed geometry information so that a 
computer aided design (CAD) model of the turbine was 
created. Also required are the electrical properties of the 
construction materials if not made from metal. 
Two CAD model was designed, one of them with a curved 
nacelle and the other one with a rectangular nacelle. They 
were compared with a theoretical model. 
 
(a) 
 
   (b) 
 
  (c) 
Fig. 5: Rectangular (a), curved (b) 3D model and theoretical (c) model. 
Next, a comparison between the main scattering centers and 
the full models of a wind turbine will be shown. The models 
have blades 38m long, nacelles 15m long x 15m wide and 
tower 72m long with 3m radius. The incidence direction of the 
plane wave is normal to the blade surface and its frequency is 
827MHz. 
In the Fig. 6, the full RCS of each model is shown. As we 
can see, the theoretical model presents a greater RCS outside 
the forward direction. It is due to the high level of RCS of the 
theoretical tower respect to the other ones. The strengths of 
the RCS in the forward direction are similar because the 
forward scattered lobe for any obstacle is proportional to its 
projected area [8].  
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Fig. 6. Bistatic RCS comparison between 3D and theoretical models: 
theoretical model (blue), rectangular model (red) and curved model (green). 
Next, the comparison among the RCS of the blades shown 
in Fig. 7 reveals how the strengths of the RCS in the forward 
direction are also similar and both curves have the same way 
for the directions between 150º and 180º, due to triangular 
shape of the blade. The differences in the rest of the diagram 
can be caused, partly, by the 3D profile of the blade in 
contrast to the 2D profile of the theoretical one. 
 
Fig. 7. Bistatic RCS comparison between 3D and theoretical blades: 
theoretical model (blue) and 3D model (red). 
Like the previous comparisons, in the case of the tower, the 
strength of the RCS in the forward direction is the same, but 
outside of this direction the theoretical RCS is much greater 
than those of the 3D models. The reason for that, partly, is that 
the shape of the 3D tower is really a cone, with different radii 
values in each ends.  
 
Fig. 8. Bistatic RCS comparison between 3D and theoretical tower: 
theoretical model (blue) and 3D model (red). 
With respect to the RCS of the three types of nacelles, the 
Fig. 9 shows the well agreement between the specular and 
forward lobe of the rectangular (blue) and theoretical nacelle 
(green). 
 
 
Fig. 9. Bistatic RCS comparison between 3D and theoretical nacelles: 
theoretical (green), rectangular (blue) and curved (red). 
IV. SPECTRAL CONTENT OF THE RCS 
Because of the movement of the blades, the scattered 
electric field and the RCS of the wind turbine have time 
variations. If we suppose time-harmonic electromagnetic 
fields then [6]: 
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Since both E and H are not functions of time and the time 
variations of the second term are twice the frequency of the 
field vectors, the time-average Poynting vector (average 
power density) over one period is equal to: 
Ԧܵ௔௩௘௥௔௚௘ሺݎሻ ൌ Ԧܵ ൌ
1
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The average power density scattered by a wind turbine can 
be expressed like: 
Ԧܵ௦௖௔௧௧ሺݎሻ ൌ ௜ܵ
൉ ߪ
4ߨܴଶ (6) 
It causes that the mean value and the standard deviation of 
the strength of the received electric field change during one 
full turn. 
This temporal oscillation has associated a spectral content 
related with the size of the blades and the angular velocity 
(Doppler effect). The spectra have been calculated using a 
complete revolution of the rotor, so it shows the frequency 
content averaged over the whole cycle. We expect to see 
negative and positive frequency components for parts of the 
cycle when a blade is moving towards and away from the 
direction of incidence. The maximum significant frequency 
component should match up to the blade tip speed. The RCS 
for different position of the blades has been obtained with 
Feko software. 
Fig. 10.  Turn of the blades and scattered field. 
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Fig. 12.  Spectral content of the RCS. 
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